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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: 

Ralf WOLLESCHENSKY 


International Appl. No. PCT/EP99/10262 

International Filing Date: 22 December 1999 

For: ARRANGEMENT FOR 

SEPARATING EXCITATION 
LIGHT AND EMISSION LIGHT 
IN A MICROSCOPE 


Art Unit: (not yet assigned) 
Examiner: (not yet assigned) 
Atty Docket: P66760US0 


PRELIMINARY AMENDMENT 

Box PATENT APPLICATION 
Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, Applicant submits the following Amendment and Remarks. 

It is not believed that fees for net addition of claims are required, beyond those that may 
otherwise be provided for in documents accompanying this paper. However, in the event that any 
fees are required for consideration of this paper and any papers associated with it (including fees for 
net addition of claims), such fees are hereby authorized to be charged to our Deposit Account No. 
06-1358. 


Kindly enter the following Amendment: 
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IN THE CLAIMS 

Please cancel claims 1-11 (including the claims numbered 2a and 3a) without 
prejudice or disclaimer. 

Please add the following new claims: 

12. (New) A microscope having a microscope beam path and including a light 
diffracting element for the separation of excitation light and emission light in the microscope 
beam path. 

13. (New) The microscope of claim 12, wherein the microscope is a laser 
scanning microscope. 

14. (New) The microscope of claim 12, wherein the light diffracting element is 
traversed both by the excitation light and the emission light. 

15. (New) The microscope of claim 14, wherein the light emitted by a sample 
comprises fractions of the excitation light and of wavelength- shifted fluorescence fractions. 

16. (New) The microscope of claim 12, wherein the light diffracting element 
influences at least one excitation wavelength by diffraction, whereas other wavelengths 
emitted by a sample pass in uninfluenced form through the element and are thereby spatially 
separated from the excitation light. 


1 7. (New) The microscope of claim 13, further including means for switching the 
light diffracting element by way of a frequency change from a first wavelength of a first laser 
to a second wavelength of a second laser. 

18. (New) The microscope of claim 12, further including at least one optical 
element influencing the light direction provided in the excitation beam path upstream of the 
element and/or in the detection beam path downstream of the element in order to improve 
light fraction separation. 

19. (New) The microscope of claim 12, wherein the light diffracting element 
comprises an AOTF. 

20. (New) The microscope of claim 12, wherein the optical element comprises 
a reflection element. 

21 . (New) The microscope of claim 12, wherein the optical element, comprises 
a light refracting element 

22. (New) A microscope having a microscope beam path and including a light 
diffracting element for the separation of excitation light and emission light in the microscope 
beam path and for regulating the excitation intensity. 


23. (New) The microscope of claim 22, wherein the microscope is a laser 
scanning microscope. 

24. (New) A microscope having a microscope beam path and including a plurality 
of light diffracting element for the separation of excitation light and emission light in the 
microscope beam path and for simultaneously or individually feeding in different 
wavelengths. 

25. (New) The microscope of claim 24, wherein the microscope is a laser 
scanning microscope. 

26. (New) The microscope of claim 24 ? wherein the light detecting elements 
comprise firstly an AOTF and then an AOM in the direction of the detection. 

27. (New) The microscope of claim 24, wherein at least one of an AOTF and an 
AOM are used as light diffracting elements. 


28. (New) A fluorescence microscope comprising: 

a radiation source (LI, L2, L3) for irradiating a sample, 

a detection device (DE, DT, NFT) for the detection of emission light emitted 

by the sample, 

microscope optics for directing excitation light to the sample and for directing 
emission light back in the direction of the radiation source and detection device, 

an acousto-optical element (AOM, AOTF) for diffracting excitation light and 
with which it is possible to regulate an intensity of the diffracted excitation light, the acousto- 
optical element being positioned between the radiation source and microscope optics in such 
a way that diffracted excitation light can be introduced into the microscope optics (SCI , SC2, 
SCO, Ml), wherein: 

the emission light emitted by the sample has fractions of excitation light and 
fractions of wavelength-shifted fluorescence light, 

excitation light emitted by the sample can be deflected in the direction of the 
radiation source by the acousto-optical device (AOM, AOTF), and 

wavelength-shifted fluorescence light emitted by the sample can be 
transmitted undiffracted through the acousto-optical element (AOM, AOTF) and is spatially 
separable from excitation light fractions of the emission light, and wherein: 


the detection device (DE, DT, NFT) is so positioned with respect to the 
acousto-optical element that wavelength-shifted fluorescence light transmitted undiffracted 
through the acousto-optical element (AOM, AOTF) is detectable by means of the detection 
device (DE, DT, NFT) and 

further comprising a filter device (LF), which for the selective detection of 
wavelength-shifted fluorescence light in the detection device (DE, DT, NFT) is located 
between the acousto-optical element and the detection device (DE, DT, NFT). 

29. (New) The fluorescence microscope of claim 28, wherein the fluorescence 
microscope is a confocal fluorescence laser microscope. 

30. (New) The fluorescence microscope of claim 28, wherein the radiation source 
is a laser emitting excitation light. 

3 1 . (New) The fluorescence microscope of claim 28, further comprising at least 
one optical element influencing the light direction provided in at least one of an excitation 
beam path upstream of the acousto-optical element (AOM, AOTF) and a detection beam path 
downstream of the acousto-optical element (AOM, AOTF) for the improved separation of 
the light fractions. 


32. (New) The fluorescence microscope of claim 3 1 , wherein the optical element 
comprises a reflection element (SI, S2, PS, S) selected from the group consisting of a mirror 
(S), a bimirror (SI, S2) and a vapourized prism (PS). 

3 3 . (New) The fluorescence microscope of claim 3 1 , wherein the optical element 
comprises a light refracting element (P) which is located in at least one of an excitation beam 
path upstream of the acousto-optical element (AOM, AOTF) and a detection beam path 
downstream of the acousto-optical element (AOM, AOTF). 

34. (New) The fluorescence microscope of claim 33, wherein the light refracting 
element comprises an unvapourized prism (P). 

35. (New) The fluorescence microscope of claim 32, further comprising a further 
optical element comprising a light refracting element (P) which is located in at least one of 
an excitation beam path upstream of the acousto-optical element (AOM, AOTF) and a 
detection beam path downstream of the acousto-optical element (AOM, AOTF). 

36. (New) The fluorescence microscope of claim 35, wherein the light refracting 
element comprises an unvapourized prism (P). 


37. (New) A fluorescence microscope, comprising: 

a radiation source (LI, L2, L3) which emits excitation light for irradiating a 

sample, 

a detection device (DE, DT, NFT) for the detection of emission light emitted 

by the sample, 

microscope optics for directing excitation light to the sample and for directing 
emission light back in the direction of the radiation source and detection device, 

an acousto-optical element (AOM, AOTF) for diffracting excitation light and 
which is positioned between the radiation source and microscope optics in such a way that 
diffracted excitation light can be introduced into the microscope optics (SCI, SC2, SCO, 
Ml), wherein: 

the emission light emitted by the sample has fractions of excitation light and 
fractions of wavelength-shifted fluorescence light, 

excitation light emitted by the sample can be deflected in the direction of the 
radiation source by diffraction by the acousto-optical device (AOM, AOTF), and 

wavelength-shifted fluorescence light emitted by the sample can be 
transmitted undiffracted through the acousto-optical element (AOM, AOTF) and is spatially 
separable from excitation light fractions of the emission light, and wherein: 


the detection device (DE, DT, NFT) is so positioned with respect to the 
acousto-optical element that wavelength-shifted fluorescence light transmitted undiffracted 
through the acousto-optical element (AOM, AOTF) can be detected by means of the 
detection device (DE, DT, NFT), and further comprising: 

a filter device (LF), which for the selective detection of wavelength-shifted 
fluorescence light in the detection device (DE, DT, NFT) is positioned between the 
acousto-optical element and the detection device (DE, DT, NFT), and 

at least one light reflecting element (P) for influencing the light direction and 
for separating the light fractions, which is located in at least one of an excitation beam path 
upstream of the acousto-optical element (AOM, AOTF) and a detection beam path 
downstream of the acousto-optical element (AOM, AOTF). 

38. (New) The fluorescence microscope of claim 37, wherein the fluorescence 
microscope is a confocal fluorescence laser microscope. 

39. (New) The fluorescence microscope of claim 37, wherein the radiation source 
(LI, L2, L3) is a laser. 

40. (New) The fluorescence microscope of claim 37, wherein the at least one light 
reflecting element (P) is an unvapourized prism (P). 


41 . (New) The fluorescence microscope of claim 28, wherein the acousto-optical 
elements (AOM, AOTF) comprise firstly an AOM and then an AOTF in the direction of the 
microscope optics (SCI, SC2, SCO, Ml). 

42 . (New) The fluorescence microscope of claim 3 7, wherein the acousto-optical 
elements (AOM, AOTF) comprise firstly an AOM and then an AOTF in the direction of the 
microscope optics (SCI, SC2, SCO, Ml). 
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43. (New) A fluorescence microscope, comprising: 

a radiation source (LI, L2, L3) which emits excitation light for irradiating a 

sample, 

a detection device (DE, DT, NFT) for the detection of emission light emitted 

by the sample, 

microscope optics for directing excitation light to the sample and for directing 
emission light back in the direction of the radiation source and detection device, 

a plurality of acousto-optical elements (AOM, AOTF) for diffracting 
excitation light, which are so positioned between the radiation source and the microscope 
optics that diffracted excitation light can be introduced into the microscope optics (SCI, 
SC2, SCO, Ml), wherein: 

in the direction of the microscope optics (SCI, SC2, SCO, Ml) as 
acousto-optical elements (AOM, AOTF) are firstly provided an AOM and then an AOTF, 

the emission light emitted by the sample has fractions of excitation light and 
fractions of wavelength-shifted fluorescence light, 

excitation light emitted by the sample is deflectable by diffraction in the 
direction of the radiation source by the acousto-optical devices (AOM, AOTF), and 

wavelength-shifted fluorescence light emitted by the sample can be 
transmitted undiffracted through the acousto-optical elements (AOM, AOTF) and is spatially 
separable from excitation light fractions of the emission light, and wherein: 


the detection device (DE, DT, NFT) is so positioned with respect to the 
acousto-optical elements that wavelength-shifted fluorescence light transmitted undiffracted 
through the acousto-optical elements (AOM, AOTF) is detectable by means of the detection 
device (DE, DT, NFT), and further comprising: 

a filter device (LF), which for the selective detection of wavelength- shifted 
fluorescence light in the detection device (DE, DT, NFT) is positioned between the 
acousto-optical elements and the detection device (DE, DT, NFT). 

44. (New) The fluorescence microscope of claim 43, wherein the fluorescence 
microscope is a confocal fluorescence laser microscope. 

45. (New) The fluorescence microscope of claim 43, wherein the radiation source 
(LI, L2, L3) is a laser, 

46. (New) The fluorescence microscope of claim 28, wherein at least one glass 
fibre is provided for feeding in excitation light. 

47. (New) The fluorescence microscope of claim 37, wherein at least one glass 
fibre is provided for feeding in excitation light. 
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48. (New) The fluorescence microscope of claim 43, wherein at least one glass 
fibre is provided for feeding in excitation light. 

49. (New) The fluorescence microscope of claim 43, further comprising at least 
one optical element influencing the light direction provided in at least one of an excitation 
beam path upstream of the acousto-optical element (AOM, AOTF) and a detection beam path 
downstream of the acousto-optical element (AOM, AOTF) to bring about improved 
separation of the light fractions. 

50. (New) The fluorescence microscope of claim 28, wherein: 

the radiation source (LI, L2, L3) is constructed as a plurality of lasers (LI, L2, 
L3) having different wavelengths, 

a plurality of the acousto-optical elements (AOM, AOTF) are provided and 
with each laser (LI, L2, L3) is associated at least one acousto-optical element (AOM, 
AOTF), 

the different wavelengths by diffraction in the acousto-optical elements 
(AOM, AOTF) can be simultaneously or individually fed into a microscope beam path (SCI, 
SC2, SCO, Ml), and 

wavelength-shifted emission light and excitation light having in each case a 
different wavelength can be transmitted undiffracted through the respective acousto-optical 
elements (AOM, AOTF). 
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5 1 . (New) The fluorescence microscope of claim 28, wherein the acousto-optical 
elements comprise at least one of an AOTF and an AOM. 

52. (New) The fluorescence microscope of claim 50, wherein the excitation power 
of each laser (LI, L2, L3) is independently adjustable with the respective acousto-optical 
element (AOM, AOTF). 

53. (New) The fluorescence microscope of claim 30, wherein the acousto-optical 
elements (AOM, AOTF) can be switched by a frequency change from a first wavelength of 
a first laser to a second wavelength of a second laser. 

54. (New) The fluorescence microscope of claim 28, wherein the excitation light 
can be introduced into the microscope optics (SCI, SC2, SCO, Ml) by diffraction at the 
acousto-optical element (AOM, AOTF) in the first diffraction order. 

55. (New) The fluorescence microscope of claim 28, further comprising an 
excitation and detection pinhole (PH) located upstream of the microscope optics (SCI, SC2, 
SCO, Ml). 
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56. (New) The fluorescence microscope of claim 50, wherein the radiation of the 
plurality of lasers (LI, L2, L3) in the direction of the microscope optics (SCI, SC2, SCO, 
Ml) can be successively fed into the microscope beam path in a sequence based on 
decreasing wavelength. 

57. (New) The fluorescence microscope of claim 28, wherein at least one of UV 
light, visible light and infrared light can be fed into the microscope beam path. 

58. (New) A device for feeding light into a beam path of a microscope, 
comprising: 

a plurality of light sources (LI, L2, L3), which emit light of different 
wavelengths, wherein: 

a plurality of light diffracting elements is provided, the light diffracting 
elements being located on a common optical axis for combining the light of the plurality of 
light sources (LI, L2, L3), and 

at least one light diffracting element associated is with each light source (LI, 
L2, L3), and wherein the different wavelengths by diffraction in the light diffracting 
elements can be simultaneously or individually fed into the common optical axis and are 
combinable in the common optical axis. 
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59. (New) The device of claim 58, wherein the microscope is a confocal 
fluorescence laser microscope. 

60. (New) The device of claim 58, wherein the plurality of light diffracting 
elements comprise acousto-optical elements (AOM, AOTF). 

61. (New) The device of claim 58, wherein the light diffracting elements are 
chosen from the group consisting of an AOTF and an AOM. 

62. (New) The device of claim 61, wherein the acousto-optical elements (AOM, 
AOTF) comprise firstly an AOM and then an AOTF in the direction of the microscope optics 
(SC1,SC2, SCO, Ml). 

63. (New) The microscope of claim 12, wherein the microscope is a confocal 
microscope. 

64. (New) The microscope of claim 22, wherein the microscope is a confocal 
microscope. 

65. (New) The microscope of claim 24, wherein the microscope is a confocal 
microscope. 
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IN THE ABSTRACT 

Please add the Abstract provided herewith as a separate sheet. 


REMARKS 

Claims 12-65 are pending in the application. 

By the foregoing Amendment, claims 1-11 (including the claims numbered 2a and 3 a) are 
cancelled without prejudice or disclaimer. New claims 12-65 are added. Attached hereto is a 
marked-up version of the claims showing the changes made thereto by the current Amendment. The 
attached page is titled "CLAIMS MARKED TO SHOW CHANGES." 

These changes are believed not to introduce new matter, and entry of the Amendment is 
respectfully requested. 

Conclusion 

The application is now believed to be in condition for examination. Should any questions 
arise, the Examiner is invited to call the undersigned representative so that this case may receive an 
early Notice of Allowance. 
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Favorable consideration and allowance are earnestly solicited. 


Respectfully submitted, 
JACOBSON HOLMAN PLLC 


Date: June 22, 2001 

Customer No. 000,136 
400 Seventh Street, N.W. 
Washington, D.C. 20004 
(202) 638-6666 


Allen S. Melser t2 
Registration No. 27,215 



P66760US0 Preliminary amendment wpd 
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International Filing Date: 22 December 1999 

For: ARRANGEMENT FOR 
SEPARATING EXCITATION 
LIGHT AND EMISSION LIGHT IN 
A MICROSCOPE 

CLAIMS MARKED TO SHOW CHANGES 

In the Specification 

(Another version of any replacement paragraph(s) or section heading(s) must be provided, on one 
or more pages separate from the amendment, marked up to show all the changes relative to the 
previous version of the paragraph(s). The changes may be shown by brackets (for deleted matter) 
or underlining (for added matter), or by any equivalent marking system. A marked up version does 
not have to be supplied for an added paragraph or a deleted paragraph as it is sufficient to state that 
a particular paragraph has been added, or deleted. See 37 CFR §1.121.) 
The paragraph at page lines _ has been amended as follows: 

In the Claims 


Art Unit: (not yet assigned) 
Examiner: (not yet assigned) 
Atty Docket: P66760US0 


- 1 - 


Claims 1-11 (including the claims numbered 2a and 3a) have been canceled without prejudice 
or disclaimer. 

New claims 12-65 have been added as follows: 

12. A microscope having a microscope beam path and including a light diffracting 
element for the separation of excitation light and emission light in the microscope beam path. 

1 3 . The microscope of claim 1 2, wherein the microscope is a laser scanning microscope. 

14. The microscope of claim 12, wherein the light diffracting element is traversed both 
by the excitation light and the emission light. 

15. The microscope of claim 14, wherein the light emitted by a sample comprises 
fractions of the excitation light and of wavelength-shifted fluorescence fractions. 

16. The microscope of claim 12, wherein the light diffracting element influences at least 
one excitation wavelength by diffraction, whereas other wavelengths emitted by a sample pass in 
uninfluenced form through the element and are thereby spatially separated from the excitation light. 

17. The microscope of claim 13, further including means for switching the light 
diffracting element by way of a frequency change from a first wavelength of a first laser to a second 
wavelength of a second laser. 


18. The microscope of claim 12, further including at least one optical element influencing 
the light direction provided in the excitation beam path upstream of the element and/or in the 
detection beam path downstream of the element in order to improve light fraction separation. 


19. The microscope of claim 12, wherein the light diffracting element comprises an 


AOTF. 


20. The microscope of claim 12, wherein the optical element comprises a reflection 


element. 


21 . The microscope of claim 12, wherein the optical element, comprises a light refracting 


element 


22. A microscope having a microscope beam path and including a light diffracting 
element for the separation of excitation light and emission light in the microscope beam path and for 
regulating the excitation intensity. 


23. The microscope of claim 22, wherein the microscope is a laser scanning microscope. 


3- 


24. A microscope having a microscope beam path and including a plurality of light 
diffracting element for the separation of excitation light and emission light in the microscope beam 
path and for simultaneously or individually feeding in different wavelengths. 

25. The microscope of claim 24, wherein the microscope is a laser scanning microscope. 

26. The microscope of claim 24, wherein the light detecting elements comprise firstly an 
AOTF and then an AOM in the direction of the detection. 

27. The microscope of claim 24, wherein at least one of an AOTF and an AOM are used 
as light diffracting elements. 


28. A fluorescence microscope comprising: 

a radiation source (LI, L2, L3) for irradiating a sample, 

a detection device (DE, DT, NFT) for the detection of emission light emitted by the 

sample, 

microscope optics for directing excitation light to the sample and for directing 
emission light back in the direction of the radiation source and detection device, 

an acousto-optical element (AOM, AOTF) for diffracting excitation light and with 
which it is possible to regulate an intensity of the diffracted excitation light, the acousto-optical 
element being positioned between the radiation source and microscope optics in such a way that 
diffracted excitation light can be introduced into the microscope optics (SCI, SC2, SCO, Ml), 
wherein: 

the emission light emitted by the sample has fractions of excitation light and fractions 
of wavelength-shifted fluorescence light, 

excitation light emitted by the sample can be deflected in the direction of the radiation 
source by the acousto-optical device (AOM, AOTF), and 

wavelength-shifted fluorescence light emitted by the sample can be transmitted 
undiffracted through the acousto-optical element (AOM, AOTF) and is spatially separable from 
excitation light fractions of the emission light, and wherein: 


the detection device (DE, DT, NFT) is so positioned with respect to the 
acousto-optical element that wavelength-shifted fluorescence light transmitted undiffracted through 
the acousto-optical element (AOM, AOTF) is detectable by means of the detection device (DE, DT, 
NFT) and 

further comprising a filter device (LF), which for the selective detection of 
wavelength-shifted fluorescence light in the detection device (DE, DT, NFT) is located between the 
acousto-optical element and the detection device (DE, DT, NFT). 

29. The fluorescence microscope of claim 28, wherein the fluorescence microscope is a 
confocal fluorescence laser microscope. 

30. The fluorescence microscope of claim 28, wherein the radiation source is a laser 
emitting excitation light. 

31. The fluorescence microscope of claim 28, further comprising at least one optical 
element influencing the light direction provided in at least one of an excitation beam path upstream 
of the acousto-optical element (AOM, AOTF) and a detection beam path downstream of the 
acousto-optical element (AOM, AOTF) for the improved separation of the light fractions. 


32. The fluorescence microscope of claim 3 1 , wherein the optical element comprises a 
reflection element (SI, S2, PS, S) selected from the group consisting of a mirror (S), abimirror (SI, 
S2) and a vapourized prism (PS). 

33. The fluorescence microscope of claim 31, wherein the optical element comprises a 
light refracting element (P) which is located in at least one of an excitation beam path upstream of 
the acousto-optical element (AOM, AOTF) and a detection beam path downstream of the 
acousto-optical element (AOM, AOTF). 

34. The fluorescence microscope of claim 33, wherein the light refracting element 
comprises an unvapourized prism (P). 

3 5 . The fluorescence microscope of claim 32, further comprising a further optical element 
comprising a light refracting element (P) which is located in at least one of an excitation beam path 
upstream of the acousto-optical element (AOM, AOTF) and a detection beam path downstream of 
the acousto-optical element (AOM, AOTF). 

36. The fluorescence microscope of claim 35, wherein the light refracting element 
comprises an unvapourized prism (P). 


37. A fluorescence microscope, comprising: 

a radiation source (LI, L2, L3) which emits excitation light for irradiating a sample, 
a detection device (DE, DT, NFT) for the detection of emission light emitted by the 

sample, 

microscope optics for directing excitation light to the sample and for directing 
emission light back in the direction of the radiation source and detection device, 

an acousto-optical element (AOM, AOTF) for diffracting excitation light and which 
is positioned between the radiation source and microscope optics in such a way that diffracted 
excitation light can be introduced into the microscope optics (SCI, SC2, SCO, Ml), wherein: 

the emission light emitted by the sample has fractions of excitation light and fractions 
of wavelength-shifted fluorescence light, 

excitation light emitted by the sample can be deflected in the direction of the 
radiation source by diffraction by the acousto-optical device (AOM, AOTF), and 

wavelength-shifted fluorescence light emitted by the sample can be transmitted 
undiffracted through the acousto-optical element (AOM, AOTF) and is spatially separable from 
excitation light fractions of the emission light, and wherein: 

the detection device (DE, DT, NFT) is so positioned with respect to the 
acousto-optical element that wavelength-shifted fluorescence light transmitted undiffracted through 
the acousto-optical element (AOM, AOTF) can be detected by means of the detection device (DE, 
DT, NFT), and further comprising: 
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a filter device (LF), which for the selective detection of wavelength-shifted 
fluorescence light in the detection device (DE, DT, NFT) is positioned between the acousto-optical 
element and the detection device (DE, DT, NFT), and 

at least one light reflecting element (P) for influencing the light direction and for 
separating the light fractions, which is located in at least one of an excitation beam path upstream 
of the acousto-optical element (AOM, AOTF) and a detection beam path downstream of the 
acousto-optical element (AOM, AOTF). 

38. The fluorescence microscope of claim 37, wherein the fluorescence microscope is a 
confocal fluorescence laser microscope. 

39. The fluorescence microscope of claim 37, wherein the radiation source (LI, L2, L3) 
is a laser. 

40. The fluorescence microscope of claim 37, wherein the at least one light reflecting 
element (P) is an unvapourized prism (P). 

41. The fluorescence microscope of claim 28, wherein the acousto-optical elements 
(AOM, AOTF) comprise firstly an AOM and then an AOTF in the direction of the microscope optics 
(SC1,SC2, SCO, Ml). 


42. The fluorescence microscope of claim 37, wherein the acousto-optical elements 
(AOM, AOTF) comprise firstly an AOM and then an AOTF in the direction of the microscope optics 
(SC1.SC2, SCO, Ml). 

43. A fluorescence microscope, comprising: 

a radiation source (LI, L2, L3) which emits excitation light for irradiating a sample, 
a detection device (DE, DT, NFT) for the detection of emission light emitted by the 

sample, 

microscope optics for directing excitation light to the sample and for directing 
emission light back in the direction of the radiation source and detection device, 

a plurality of acousto-optical elements (AOM, AOTF) for diffracting excitation light, 
which are so positioned between the radiation source and the microscope optics that diffracted 
excitation light can be introduced into the microscope optics (SCI, SC2, SCO, Ml), wherein: 

in the direction of the microscope optics (SCI, SC2, SCO, Ml) as acousto-optical 
elements (AOM, AOTF) are firstly provided an AOM and then an AOTF, 

the emission light emitted by the sample has fractions of excitation light and fractions 
of wavelength-shifted fluorescence light, 

excitation light emitted by the sample is deflectable by diffraction in the direction of 
the radiation source by the acousto-optical devices (AOM, AOTF), and 
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wavelength-shifted fluorescence light emitted by the sample can be transmitted 
undiffracted through the acousto-optical elements (AOM, AOTF) and is spatially separable from 
excitation light fractions of the emission light, and wherein: 

the detection device (DE, DT, NFT) is so positioned with respect to the 
acousto-optical elements that wavelength-shifted fluorescence light transmitted undiffracted through 
the acousto-optical elements (AOM, AOTF) is detectable by means of the detection device (DE, DT, 
NFT), and further comprising: 

a filter device (LF), which for the selective detection of wavelength-shifted 
fluorescence light in the detection device (DE, DT, NFT) is positioned between the acousto-optical 
elements and the detection device (DE, DT, NFT). 

44. The fluorescence microscope of claim 43, wherein the fluorescence microscope is a 
confocal fluorescence laser microscope. 

45. The fluorescence microscope of claim 43, wherein the radiation source (LI , L2, L3) 
is a laser. 

46. The fluorescence microscope of claim 28, wherein at least one glass fibre is provided 
for feeding in excitation light. 
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47. The fluorescence microscope of claim 37, wherein at least one glass fibre is provided 
for feeding in excitation light. 

48. The fluorescence microscope of claim 43 , wherein at least one glass fibre is provided 
for feeding in excitation light. 

49. The fluorescence microscope of claim 43 , further comprising at least one optical 
element influencing the light direction provided in at least one of an excitation beam path upstream 
of the acousto-optical element (AOM, AOTF) and a detection beam path downstream of the 
acousto-optical element (AOM, AOTF) to bring about improved separation of the light fractions. 

50. The fluorescence microscope of claim 28, wherein: 

the radiation source (LI, L2, L3) is constructed as a plurality of lasers (LI, L2, L3) 
having different wavelengths, 

a plurality of the acousto-optical elements (AOM, AOTF) are provided and with each 
laser (LI, L2, L3) is associated at least one acousto-optical element (AOM, AOTF), 

the different wavelengths by diffraction in the acousto-optical elements (AOM, 
AOTF) can be simultaneously or individually fed into a microscope beam path (SCI, SC2, SCO, 
Ml), and 
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wavelength-shifted emission light and excitation light having in each case a different 
wavelength can be transmitted undiffracted through the respective acousto-optical elements (AOM, 
AOTF). 

51. The fluorescence microscope of claim 28, wherein the acousto-optical elements 
comprise at least one of an AOTF and an AOM. 

52. The fluorescence microscope of claim 50, wherein the excitation power of each laser 
(LI, L2, L3) is independently adjustable with the respective acousto-optical element (AOM, AOTF). 

53. The fluorescence microscope of claim 30, wherein the acousto-optical elements 
(AOM, AOTF) can be switched by a frequency change from a first wavelength of a first laser to a 
second wavelength of a second laser. 

54. The fluorescence microscope of claim 28, wherein the excitation light can be 
introduced into the microscope optics (SCI, SC2, SCO, Ml) by diffraction at the acousto-optical 
element (AOM, AOTF) in the first diffraction order. 

55. The fluorescence microscope of claim 28, further comprising an excitation and 
detection pinhole (PH) located upstream of the microscope optics (SCI, SC2, SCO, Ml). 
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56. The fluorescence microscope of claim 50, wherein the radiation of the plurality of 
lasers (LI, L2, L3) in the direction of the microscope optics (SCI, SC2, SCO, Ml) can be 
successively fed into the microscope beam path in a sequence based on decreasing wavelength. 

57. The fluorescence microscope of claim 28, wherein at least one of UV light, visible 
light and infrared light can be fed into the microscope beam path. 

58. A device for feeding light into a beam path of a microscope, comprising: 

a plurality of light sources (LI , L2, L3), which emit light of different wavelengths, 

wherein: 

a plurality of light diffracting elements is provided, the light diffracting elements 
being located on a common optical axis for combining the light of the plurality of light sources (LI , 
L2, L3), and 

at least one light diffracting element associated is with each light source (LI, L2, L3), 
and wherein the different wavelengths by diffraction in the light diffracting elements can be 
simultaneously or individually fed into the common optical axis and are combinable in the common 
optical axis. 

59. The device of claim 58, wherein the microscope is a confocal fluorescence laser 
microscope. 
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60. The device of claim 58, wherein the plurality of light diffracting elements comprise 
acousto-optical elements (AOM, AOTF). 

61 . The device of claim 58, wherein the light diffracting elements are chosen from the 
group consisting of an AOTF and an AOM. 

62. The device of claim 61, wherein the acousto-optical elements (AOM, AOTF) 
comprise firstly an AOM and then an AOTF in the direction of the microscope optics (SCI, SC2, 
SCO, Ml). 

63 . The microscope of claim 1 2, wherein the microscope is a confocal microscope. 

64. The microscope of claim 22, wherein the microscope is a confocal microscope. 

65 . The microscope of claim 24, wherein the microscope is a confocal microscope. 
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ABSTRACT 


Arrangement of a light diffracting element for the separation of excitation light and emission light 
in a microscope beam path, preferably in a confocal microscope and in particular in a laser scanning 
microscope, wherein the light diffracting element is traversed both by the excitation light and the 
emission light and at least one excitation wavelength is influenced by diffraction, whereas other 
wavelengths emitted by the sample traverse the element in uninfluenced form and consequently are 
separated spatially from the excitation light. 
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Title: 

ARRANGEMENT FOR SEPARATING EXCITATION LIGHT AND EMISSION 
LIGHT IN A MICROSCOPE 


[0001] Figs. 1 to 3 illustrate in exemplified manner arrangements according to 

the invention. 


[0002] In Fig. 1 by means of a mirror SP and a beam splitter ST the light 

(excitation light) of two lasers LI, L2 having different wavelengths is fed into a 
common beam path, which is reflected on the side SI of a vapourized prism in the 
direction of an AOTF (acousto-optical tunable filter). The excitation light is 
introduced into the AOTF and light diffracted in the first order for the wavelength set 
by means of the AOTF control frequency is deflected precisely in the direction of a 
pinhole PH with upstream and downstream pinhole optics PHO for adjusting the 
beam profile, whereas other possible wavelengths traverse undiffracted in zero order 
the AOTF and do not reach the pinhole. 

[0003] Here the pinhole PH serves simultaneously as an excitation and 

detection pinhole. By means of scanner units SCI, SC2 and a scanning optics SCO 
the excitation light is imaged towards a sample in the direction of a microscope beam 
path Ml. 

[0004] The light emitted by the sample and comprising fractions of the 

excitation light and wavelength-shifted fluorescence fractions, passes through the light 
path in the opposite direction up to the AOTF. By first order diffraction the 
wavelength fractions of the excitation light once again reach the mirror side SI of 
prism PS, whereas the fluorescence fractions traverse the AOTF undiffracted in zero 
order and consequently assume an angle to the reflected excitation light. Between the 
returning beams of zero and first order is now precisely located the peak between the 
prism faces SI and S2, so that the fluorescence light impinges on side S2 and is 
reflected by the latter in the direction of a detection unit, here in exemplified manner 
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comprising a line filter LF, a colour divider NFT and two detectors for different 
wavelengths. 

[0005] As a result of the low AOTF band width of approximately 2 nm for the 

excitation light it acts as an extreme edge filter with clear advantages compared with 
dichroic filters with band widths greater than 10 nm. 

[0006] This is of particular significance, because the spacing between the 

excitation wavelength and the fluorescence wavelengths can be smaller than 10 nm 
and as a result of the arrangement according to the invention a wavelength-dependent 
separation is still possible. 

[0007] By changing the frequency the AOTF can be switched from the 

wavelength of laser LI to the wavelength of laser L2 and once again the excitation 
light can be separated from the fluorescent light. 

[0008] In place of the prism with sides S 1 , S2, it is also possible to use two 

independent mirrors, which correspond to the sides SI, S2 but which are unconnected. 
An advantage is that they can also be constructed in rotary manner in order to permit a 
precise setting to the AOTF or the detection DE. 

[0009] Fig. 2 shows a similar arrangement with only a single scanner SC. Here 

in place of the prism is provided a mirror S, which deflects the excitation light in the 
direction of the AOTF in the same way as in fig. 1 . Here the fluorescent light 
returning in the zero order through the AOTF passes alongside the mirror S and in this 
way passes towards a not shown detection. 

[00010] Fundamentally arrangements are also conceivable in which the AOTF 
alone can serve as the separation unit for the excitation light and fluorescent light, in 
that the laser light passes in the first order direction without an upstream element into 
the AOTF and the detector light leaves the AOTF at an angle to the excitation light 
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and passes directly into a detection unit, which only has effects on the length of the 
construction, because the angle of e.g. 4° is very small and heterodyning of 
wavelength fractions should be avoided. In addition, a separating mirror may only be 
provided for the fluorescent light. 

[00011] Fig. 3 shows another advantageous construction in the form of an 
unvapourized prism, which by refraction introduces the light of an excitation laser in 
the first order into the AOTF and deflects the zero order (fluorescent light) towards 
the detector DE. 

[00012] As a result of the angle between the first and zero orders and different 

wavelengths in advantageous manner a clear separation of the wavelength fractions is 
possible. 

[00013] The invention can be used with particular advantage in a laser scanning 

microscope with an AOTF. Other advantageous uses of another light-diffracting 
element for beam separation by different diffraction orders are conceivable in a 
microscope beam path and are advantageously included within the scope of the 
invention. 

[00014] Thus it can be used in advantageous manner for regulating the 
excitation intensity. 

[00015] In Fig. 4 several such elements, here AOTF and AOM, are 

advantageously provided in the laser beam path for feeding in of the laser radiation. 
Here, several laser lines LI - L3 like UV, VIS or IR can be fed in simultaneously or 
individually with an excitation power which can be adjusted independently of each 
other. 
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1. Fluorescence microscope, particularly confocal 
fluorescence laser microscope, 

having a radiation source (LI, L2 , L3) , particularly a 
laser emitting excitation light for a sample, 
with a detection device (DE, DT, NFT) for the detection of 
emission light emitted by the sample, 

having a microscope optics for directing excitation light 
to the sample and for directing emission light back in the 
direction of the radiation source and detection device, 
having an acousto-optical element (AOM, AOTF) for 
diffracting excitation light and with which it is possible 
to regulate an intensity of the diffracted excitation 
light, being positioned between the radiation source and 
microscope optics in such a way that diffracted excitation 
light can be introduced into the microscope optics (SCI, 
SC2, SCO, Ml) , 

- the emission light emitted by the sample having 
fractions of excitation light and fractions of 
wavelength-shifted fluorescence light , 

- excitation light emitted by the sample can be deflected 
in the direction of the^ radiation source by the acousto- 
optical device (AOM, AOTF) , 

- and wavelength-shifted fluorescence light emitted by the 
sample can be transmitted undiffracted through the 
acousto-optical element (AOM, AOTF) and is spatially 
separable from excitation light fractions of the 
emission light and 


- in which the detection device (DE, DT, NFT) is so 

positioned with respect to the acousto-optical element 
such that wavelength- shifted fluorescence light 
transmitted undiffracted through the acousto-optical 
element (AOM, AOTF) is detectable by means of the 
detection device (DE, DT, NFT) and 
having a filter device (LF) , which for the selective 
detection of wavelength-shifted fluorescence light in the 
detection device (DE, DT, NFT) is located between the 
acousto-optical element and the detection device (DE, DT, 
NFT) . 

Fluorescence microscope according to claim 1, 
characterized in 

that at least one optical element influencing the light 
direction is provided in an excitation beam path upstream 
of the acousto-optical element (AOM, AOTF) and/or in a 
detection beam path downstream of the acousto-optical 
element (AOM, AOTF) for the improved separation of the 
light fractions . 

Fluorescence microscope according to claim 2, 
characterized in 

that as the optical element is provided a reflection 
element (SI, S2 , PS, S) , particularly a mirror (S) , a 
bimirror (SI, S2) or a vapourized prism (PS) . 

Fluorescence microscope according to one of the claims 2 or 
characterized in 

that as the optical element or as a further optical element 
is provided a light refracting element (P) , particularly an 
unvapourized prism (P) , which is located in an excitation 
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beam path upstream of the acousto-optical element (AOM, 
AOTF) and/or in a detection beam path downstream of the 
acousto-optical element (AOM, AOTF) . 

,5. Fluorescence microscope, particularly confocal 
fluorescence laser microscope, 

having a radiation source (LI, L2 , L3) , particularly a 
laser, which emits excitation light for a sample, 
having a detection device (DE, DT, NFT) for the detection 
of emission light emitted by the sample, 

having a microscope optics for directing excitation light 
to the sample and for directing emission light back in the 
direction of the radiation source and detection device, 
having an acousto-optical element (AOM, AOTF) for 
diffracting excitation light and which is positioned 
between the radiation source and microscope optics in such 
a way that diffracted excitation light can be introduced 
into the microscope optics (SCI, SC2 , SCO, Ml), 

- the emission light emitted by the sample having 
fractions of excitation light and fractions of 
wavelength-shifted fluorescence light, 

excitation light emitted by the sample can be deflected 
in the direction of the radiation source by diffraction 
by the acousto-optical device (AOM, AOTF) , 
and wavelength-shifted fluorescence light emitted by 
the sample can be transmitted undiffracted through the 
acousto-optical element (AOM, AOTF) 
"and is spatially separable from excitation light 
fractions of the emission light and 

- in which the detection device (DE, DT, NFT) is so 
positioned with respect to the acousto-optical element 
that wavelength- shifted fluorescence light 
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transmitted undif f racted through the acousto-optical 
element (AOM, AOTF) can be detected by means of the 
detection device (DE, DT, NFT) , 
having a filter device (LF) , which for the selective 
detection of wavelength-shifted fluorescence light in the 
detection device (DE, DT, NFT) is positioned between the 
acousto-optical element and the detection device (DE, DT, 
NFT) , and 

with at least one light reflecting element (P) , 
particularly an unvapourized prism (P) , for influencing 
the light direction and for separating the light fractions 
and which is located in an excitation beam path upstream 
of the acousto-optical element (AOM, AOTF) and/or in a 
detection beam path downstream of the acousto-optical 
element (AOM, AOTF) . 

6 . Fluorescence microscope according to one of the claims 1 
to 5, 

characterized in 

that in the direction of the microscope optics (SCI, SC2, 
SCO, Ml) as acousto-optical elements (AOM, AOTF) are 
firstly provided AOM and then AOTF. 

7. Fluorescence microscope, particularly confocal 
fluorescence laser microscope, 

having a radiation source (LI, L2 , L3) , particularly a 
laser, which emits excitation light for a sample, 
having a detection device (DE, DT, NFT) for the detection 
of emission light emitted by the sample, 

having a microscope optics for directing excitation light 
to the sample and for directing emission light back in the 
direction of the radiation source and detection device, 
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having a plurality of acousto-optical elements (AOM, AOTF) 
for diffracting excitation light, which are so positioned 
between the radiation source and the microscope optics 
that diffracted excitation light can be introduced into 
the microscope optics (SCI, SC2 , SCO, Ml), 

- in which in the direction of the microscope optics (SCI, 
SC2 f SCO, Ml) as acousto-optical elements (AOM, AOTF) 
are firstly provided AOM and then AOTF, 

- the emission light emitted by the sample having 
fractions of excitation light and fractions of 
wavelength-shifted fluorescence light, 

- excitation light emitted by the sample is deflectable by 
diffraction in the direction of the radiation source by 
the acousto-optical devices (AOM, AOTF) , 

- and wavelength-shifted fluorescence light emitted by the 
sample can be transmitted undiffracted through the 
acousto-optical elements (AOM, AOTF) and is spatially 
separable from excitation light fractions of the 
emission light and 

- in which the detection device (DE, DT, NFT) is so 
positioned with respect to the acousto-optical elements 
that wavelength- shifted fluorescence light transmitted 
undiffracted through the acousto-optical elements (AOM, 
AOTF) is detectable by means of the detection device 

(DE, DT, NFT) and 

- with a filter device (LF) , which for the selective 
detection of wavelength-shifted fluorescence light in 
the detection device (DE, DT, NFT) is positioned between 
the acousto-optical elements and the detection device 
(DE, DT, NFT) . 

Fluorescence microscope according to one of the claims 1 
to 7, 
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characterized in 

that at least one glass fibre is provided for feeding in 
excitation light. 

9. Fluorescence microscope according to one of the claims 7 or 
8, 

characterized in 

that at least one optical element influencing the light 
direction is provided in an excitation beam path upstream 
of the acousto-optical element (AOM, AOTF) and/or in a 
detection beam path downstream of the acousto-optical 
element (AOM, AOTF) to bring about improved separation of 
the light fractions. 

10. Fluorescence microscope according to one of the claims 1 
to 9, 

characterized in that 

- the radiation source (LI, L2, L3) is constructed as a 
plurality of lasers (LI, L2, L3) having a different 
wavelength, 

- a plurality of acousto-optical elements (AOM, AOTF) is 
provided and with each laser (LI, L2 , L3) is associated 
at least one acousto-optical element (AOM, AOTF) , 

- the different wavelengths by diffraction in the acousto- 
optical elements (AOM, AOTF) can be simultaneously or 
individually fed into a microscope beam path (SCI, SC2 , 
SCO, Ml) , and 

- wavelength- shifted emission light and excitation light 
having in each case a different wavelength can be 
transmitted undiffracted through the respective acousto- 
optical elements (AOM, AOTF) . 
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11. Fluorescence microscope according to one of the claims 1 
to 10, characterized in 

that as acousto-optical elements AOTF and/or AOM are 
provided. 

12. Fluorescence microscope according to claim 10, 
characterized in 

that the excitation power of each laser (LI, L2, L3) is 
independently adjustable with the respective acousto- 
optical element (AOM, AOTF) . 

13 . Fluorescence microscope according to one of the claims 1 
to 12, 

characterized in 

that the acousto-optical elements (AOM, AOTF) by a 
frequency change can be switched from a first wavelength 
of a first laser to a second wavelength of a second laser. 

14 . Fluorescence microscope according to one of the claims 1 
to 13, 

characterized in 

that the excitation light can be introduced into the 
microscope optics (SCI, SC2, SCO, Ml) by diffraction at 
the acousto-optical element (AOM, AOTF) in the first 
diffraction order. 

15. Fluorescence microscope according to one of the claims 1 
to 14, 

characterized in 

that a pinhole (PH) as the excitation and detection 
pinhole is located upstream of the microscope optics (SCI, 
SC2, SCO, Ml) . 
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16. Fluorescence microscope according to one of the claims 10 
to 15, 

characterized in 

that the radiation of the plurality of lasers (LI, L2, L3) 
in the direction of the microscope optics (SCI, SC2 , SCO, 
Ml) can be successively fed into the microscope beam path 
in a sequence based on decreasing wavelength. 

17 . Fluorescence microscope according to one of the claims 1 
to 16, 

characterized in 

that UV light, visible light and/or infrared light can be 
fed into the microscope beam path. 

18. Device for feeding light into a beam path of a microscope, 
particularly a confocal fluorescence laser microscope, 
having a plurality of light sources (LI, L2, L3) , which 
emit light of different wavelengths, 

characterized in 

that a plurality of light diffracting elements, 
particularly acousto-optical elements (AOM, AOTF) is 
provided, 

that with each light source (LI, L2 , L3) is associated at 
least one light diffracting element, 

that for combining the light of the plurality of light 
sources (LI, L2 , L3) the light diffracting elements are 
located on a common optical axis and 

that the different wavelengths by diffraction in the light 
diffracting elements can be simultaneously or individually 
fed into the common optical axis and are combinable in the 
common optical axis. 


Device according to claim 18, 
characterized in 

that AOTF or AOM are provided as light diffracting 
elements . 

Device according to claim 19 , 
characterized in 

that as acousto-optical elements (AOM, AOTF) firstly 
and then AOTF are provided in the direction of the 
microscope optics (SCI, SC2 , SCO, Ml). 
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disclosed in the prior United States application m the manner provided by the first paragraph of Title 35, United States Code, §112,1 acknowledge the duty to disclose iniorm&Uon which is materia! to 
patentability as defined in Title 37, Code of Federal Regulations, §1.56 which became available between the filing date of the pnor application and the national or PCT international filing date of this 
application: 


(Application Senai No,) 


(Filing Date) 


(Status, patented, pending, abandoned) 


fe&WER OF ATTORNEY: As a named inventor, i hereby appoint the following attorneys (Registration No. ) to prosecute this application, receive and act on instructions from my agent, 
and transact all business in the Patent and Trademark Office connected therewith. HARVEY B. JACOBSON, JR. (20,851); D. DOUGLAS PRICE (24,514); JOHN CLARKE HOLMAN 
$1,769); MARVIN R. STERN (20,640); ALLEN S. MELSER (27,215); MICHAEL R. SLOBASKY (26,421); JONATHAN L. SCHERER (29,851); IRWIN M. AtSENBERG (19,007), 
fnMLLIAM E. PLAYER (31,409); YOON S. HAM (45,307) and NATHANIEL A. HUMPHRIES (22,772) 


SEND CORRESPONDENCE TO: 


CUSTOMER NO. 00136 
— 5f— " 


JACOBSON, PRICE, HOLMAN & STERN 

PROFESSIONAL LIMITED LIABILITY COMPANY 
400 SEVENTH STREET, N.W. 
WASHINGTON, D.C. 20004 


DIRECT TELEPHONE CALLS TO: 

(please use Attorney's Docket No.) (202) 638-6666 

JACOBSON, PRICE, HOLMAN & STERN 

PROFESSIONAL LIMITED LIABILITY COMPANY 


f yventor(s) name must include at least one unabbreviated first or middle name, 


a 

FULL NAME * 
OF INVENTOR 

FAMILY NAME 7v3 
WOLLESCHENSKY J 

GIVEN NAME 

RALF 

MIDDLE NAME J 

RESIDENCE & 
CITIZENSHIP 

01 SCH0ETE£L f] P^p 

STATE OR FOREIGN COUNTRY 

GERMANY 

COUNTRY OF CITIZENSHIP 

GERMANY 

POST OFFICE 
ADDRESS 

POST OFFICE ADDRESS j 

AN DER PROMENADE 3 

CITY 

99510 Schoeten 

STATE OR COUNTRY 

GERMANY 

ZIP CODE 

99510 

CM 

o 
tN 

FULL NAME * 
OF INVENTOR 

FAMILY NAME 

GIVEN NAME 

MIDDLE NAME 

RESIDENCE & 
CITIZENSHIP 

CITY 

STATE OR FOREIGN COUNTRY 

COUNTRY OF CITIZENSHIP 

POST OFFICE 
ADDRESS 

POST OFFICE ADDRESS 

CITY 

STATE OR COUNTRY 

ZIP CODE 

CO 

o 

CM 

FULL NAME * 
OF INVENTOR 

FAMILY NAME 

GIVEN NAME 

MIDDLE NAME 

RESIDENCE & 
CITIZENSHIP 

CITY 

STATE OR FOREIGN COUNTRY 

COUNTRY OF CITIZENSHIP 

POST OFFICE 
ADDRESS 

POST OFFICE ADDRESS 

CITY 

STATE OR COUNTRY 

ZIP CODE 


I further declare that ail statements made herein of my own knowledge are true and that ail statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment or both, under section 1 001 of Title 1 8 of the United 
States Code; and that such willful false statements may jeopardize the validiiy of the application or any patent issuing thereon. 


SIGNATURE OF INVENTOR 201* 

fall 

SIGNATURE OF INVENTOR 202* 

SIGNATURE OF INVENTOR 203* 

date jfoe 12, 2Q3D1 

DATE 

DATE 

^Additional inventors are named on separately numbered sheets attached hereto. 
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